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Abstract 
Background: The increase in childhood overweight and obesity over the last decades means that we 
urgently need to broaden our understanding of current predictors of childhood adiposity. Monitoring 
of children’s weight and height enables us to identify risk groups, follow trends and evaluate 
interventions, which in itself might have important implications for future public health. 
Aims: The overall aim of the thesis was to identify current risk groups for overweight and obesity in 
Norwegian children, differentiated between general and abdominal obesity. We aimed to examine 
urban-rural differences in overweight and obesity, and whether these differed in terms of maternal 
education (paper II). In addition the thesis sought to investigate whether parental marital status was 
associated with overweight and obesity and potential gender differences (paper III). The 
methodological study aimed to assess the impact instrument error might have on prevalence 
estimates in surveys (paper I). 
Methods: Height, weight and waist circumference (WC) were measured in a nationally 
representative sample of 3166 eight-year-olds in the 2010 Norwegian Child Growth study (NCG). The 
main outcome measures were general overweight and obesity (BMIш25kg/m2) and abdominal 
obesity (waist-to-height ratioш0.5) in addition to BMI and WC as continuous variables. Prevalence 
ratio (PR) (equivalent with relative risk, RR) was estimated using log-binomial regression. In the 
methodological study, data from the 2008 NCG study were utilised. The coefficient of variation (CV) 
of instrument error was used in simulations in order to study the impact it had on the prevalence 
estimates.  
Results: Children living rurally were on average more overweight and obese (general and abdominal) 
than children in more urban areas. Children of low-educated mothers were also at higher risk of 
being overweight and obese than children of high-educated mothers and children living rurally 
especially. Additionally, height was on average lower in children with lower educational backgrounds. 
Children of divorced parents had higher prevalence of general- and abdominal obesity compared to 
children of married parents. Although formal tests of the interaction terms parental marital status by 
gender were not statistically significant, gender stratified analyses showed that the prevalence of 
abdominal obesity was significantly higher only amongst boys of divorced parents compared to boys 
with married parents. Furthermore, general overweight and obesity were more prevalent among 
girls (21.6 %) than among boys (16.5 %), whereas abdominal obesity was not significantly different 
between genders. In our methodological paper it was demonstrated that instrument error might lead 
to overestimation of the prevalence of overweight and obesity.  
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Conclusions: Our findings indicate that rurally residing children, children with low-educated mothers 
and children of divorced parents are at a greater risk of being overweight or obese (general and 
abdominal). Based on findings of the methodological study we elucidate the importance of 
maintenance or recalibration of measuring instruments to reduce instrument error and to obtain 
more accurate estimates in population-based surveys. The cross sectional nature of our data 
precludes the possibility of making causal inferences regarding the findings of the socio-demographic 
predictors. Nevertheless, our findings are of importance for policy-makers and scientists in the 
planning of preventive strategies to combat overweight and obesity among children, and also point 
to the importance of continuous monitoring of school children’s anthropometry in Norway. 
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1. Introduction 
In 380 B.C Hippocrates stated:  “Corpulence is not only a disease itself, but the harbinger of others” 
(1). Childhood obesity has been referred to as “one of the most serious public health challenges of 
the 21st century” (2), and obesity is an increasingly important risk factor contributing to the global 
burden of disease (1). Overweight and obese children have higher risk of remaining overweight and 
obese into adulthood and a higher risk of developing non-communicable diseases later in life (3-5). 
Moreover, self-esteem among obese children is lower, which in itself may be detrimental to the child 
(6). Preventing childhood obesity is probably the most promising means of reversing the obesity 
epidemic (7). Therefore, the identification of groups at increased risk of being overweight and obese 
is integral (8), and is explored in the current thesis.  
1.1 Epidemiology of childhood overweight and obesity  
“Epidemiology is the study of the distribution and determinants of disease frequency in human 
populations.” (9: p.1). One fundamental assumption of epidemiology is that disease does not occur 
at random but in subgroups at higher risk due to exposure to physical and genetic agents or social, 
economic and cultural factors (10). Monitoring children’s anthropometric measures provides the 
means by which to understand how adiposity is distributed. Descriptive epidemiology is useful in 
order to follow the development over time and to compare populations, and to identify predictors of 
overweight and obesity in the paediatric population. Finally, monitoring gives a solid basis for 
evaluating interventions (7). 
One general pattern is that the entire body mass index (BMI) distribution has moved to the right, 
reflecting increasing proportions of overweight and obesity (11). However, in the United States, 
Australia and some European countries, there are indications that the BMI increase might be leveling 
off (12-14). However, some developing countries have experienced nutritional transition and report a 
conflicting picture of both under nutrition and over nutrition, also among children (15). There has 
been a shift in patterns from traditional diets to more Western diets (high in sugars, fat, and animal-
source food) and inactivity (16, 17). 
ͳǤͳǤͳ
Annual systematic measures of the height and weight of the total population of school children in 
Oslo were collected in the period 1920-1975 (18). There was a distinct reduction in height and weight 
during the war (1940-1945), showing children's growth to be affected by their environment and 
societal circumstances (18, 19). Liestøl et al. repeated similar measurements in 1980 and 1985 but 
only in girls. The results from 1920 onwards are shown in the graphs below. Figure 1 shows a slight 
increase in mean height in most age groups up until 1985, i.e. as long as data were collected and 
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centrally processed. The post-war figures show a trend of decreasing mean weight, with an increase 
in the period 1975 to 1985 (figure 2); mainly in the upper percentiles, which reflect an increase in the 
proportion of heavy girls (19).  
 
 
Figure 1: Mean height of 1-year age groups of 
schoolgirls in Oslo 1920 to 1985. (Liestøl et al 1995, 
reproduced with permission.) 
 
 
Figure 2: Mean weight of 1-year age groups of 
schoolgirls in Oslo 1920 to 1985. (Liestøl et al 1980, 
reproduced with permission.) 
 
Sundal undertook a systemic collection of the anthropometric data of children aged 0 – 15 years 
living in Bergen in the 1950s (20); the basis for the first Norwegian growth charts, as did Waaler in 
the 1970s (21); and the latter forms the basis for comparison with recently collected data by 
Juliusson (further described in 1.1.2).  
The latest example of comparable data over time in Norway is Young-HUNT; the adolescent part of 
the Nord-Trøndelag Health Study. Young-HUNT 1 was initiated in 1995-97 and followed by Young-
HUNT 2 in 2000-01 and Young-HUNT 3 in 2006-08 (22). Young-HUNT data have been compared to 
systematic measurements of peers in the same geographical area in 1966-69, providing greater 
insight into growth-trends among adolescents over more than four decades. The data show a 
considerable increase in overweight and obesity amongst adolescents in Nord-Trøndelag, with a 
more pronounced increase in boys than in girls (22, 23). 
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ͳǤͳǤʹ
Most of the available data on childhood overweight and obesity in Norway are based on either small 
samples, performed in urban areas or rely on self-reported measurements. An overview shows 
Norwegian studies and the prevalence estimates of overweight and obesity from 1995 onwards (22-
33) (appendix I). The main findings of studies with objectively measured anthropometric data will be 
presented in the following.  
The anthropometric data of children aged 0 – 19 years were collected in the Bergen Growth Study in 
2003-06 (34). To enable comparison with similar data from 1971-74 (21) immigrant children, 
amongst others, were excluded. Increase in weight in this period was limited to the upper percentiles 
of weight-for-height in children aged between 6 and 11. In 2003-06 overweight and obesity was 
more prevalent amongst girls aged 6-11 years (18.4 %) than boys (15.7 %) , although this gender 
difference was not statistically significant (30). 
In 2005-06 physical activity and anthropometric measurements were collected for Norwegian 
children aged 9 and 15 (35). This study also showed overweight and obesity to be more prevalent 
among girls than boys, whereas it was the opposite among the 15-year olds. Subsample data 
restricted to children from Oslo were compared with data collected in 2000 relating to 9 year-olds 
from Oslo (27). No changes in BMI were reported, whereas there was a significant increase in waist 
circumference (WC) for both genders from 2000 to 2005-06 (26). Furthermore, a follow-up of the 
nationwide sample (2005-06) was conducted in 2011, showing no significant increase of overweight 
and obesity among 9 year olds, whereas a borderline significant increase in overweight and obesity 
was found in 15 year old boys.  
Finally, in 2007 anthropometric data were collected from 11 year olds in counties surrounding Oslo 
(31). The estimates of overweight and obesity were suspiciously low compared to the studies 
discussed above, but still consistent with findings regarding gender differences; with overweight and 
obesity more prevalent among girls. This indicates that overweight and obesity is more prevalent, 
and that it has increased the most among teenage boys (22, 23), whereas in younger children, 
overweight and obesity is more prevalent among girls (22, 30, 36). 
In terms of abdominal obesity, data on WC of Norwegian children are scarce and restricted to the 
“Oslo-subsample” discussed above (26). A research group in Bergen has developed Norwegian 
reference values for WC and waist-to-height ratio (WHtR) (37) (further described in 1.3.1, Abdominal 
obesity). 
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The above overview of Norwegian studies illustrates the challenges inherent in the interpretation of 
results in terms of time trends and comparisons between subgroups and regions. Most data refer to 
restricted populations, small samples or data which have been obtained during different periods, 
which might imply that time trends are mixed up with geographic variations. Further, comparison 
might be limited to certain age groups and comparability impeded by different age categorisations. 
High-quality data of nationally representative samples and repeated measurements would therefore 
be preferable. 
A review conducted in 2006 revealed that only 15 of 53 Member States in the World Health 
Organization (WHO) European Region had nationally representative and objectively measured 
weight- and height measurements of children aged 0-6 years, whereas 19 countries monitored 
overweight and obesity in adolescents (38). Another recent review based on objectively measured 
anthropometric measurements in nationally representative samples of European adolescents 
reported that data were identified for only half of the countries and that the quality of the studies 
and comparability varied greatly (39).  
The WHO’s European Childhood Obesity Surveillance Initiative (COSI) was established as a standard 
surveillance system to facilitate comparisons of nationally representative samples, examined 
according to common protocol. It was jointly developed by the WHO Regional Office for Europe and 
the participating member states. The Norwegian Child Growth study (NCG) (36) followed the 
protocol of COSI (40). 
1.2 Factors that affect overweight and obesity among children  
Whether obesity is a disease or not is still debated (41). Kopelman states that “Obesity is not a single 
disorder but a heterogeneous group of conditions with multiple causes.” (42). Obesity is a complex 
condition with several causal contributors (41), and is determined by an interaction between genetic, 
environmental and psychosocial factors. Many of these factors are beyond the individuals’ control 
(41), which might contribute to an even greater harm to children and young individuals. Still, 
overweight and obesity is considered preventable. A presentation of a range of factors that affect the 
development of overweight and obesity follows.  
ͳǤʹǤͳ

Overweight and obesity tend to aggregate within families (43). If one parent is obese then the risk 
increases that the child will become an obese adult (44, 45). To determine whether this is due to 
genetic or environmental (lifestyle related) factors, or an interaction, is difficult for many reasons 
(42). The genetic contribution that explains the variance of BMI is significant, suggesting that genetic 
factors play an important role in determining individual differences in adiposity operating through 
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susceptibility genes (46). This is consistent with Stunkard et al’s study from 1990, which assessed the 
relative importance of genetic and environmental effects on BMI by studying twins who grew up 
apart. They concluded that the genetic influence on BMI was substantial and that childhood 
environment had a limited influence (47). The environment driven influence seems either to be 
attenuated or strengthened by susceptible genes. These genes are not essential or, by themselves, 
sufficient to explain the development of adiposity, but indicate that genetic factors determine who is 
most susceptible to becoming obese in any given environment (48). Genetic pathways that 
contribute directly to obesity have not yet been elucidated (49). Exceptions are some rare single 
gene defects, where obesity is a consistent finding (e.g. Prader-Willi syndrome) (42). Genome-wide 
association studies have identified common genetic variants associated with obesity (fatness), but 
each with a weak effect (50).  
ͳǤʹǤʹ
From a historical perspective, natural selection has probably favoured those individuals with low 
metabolism (parsimonious energy metabolism). Radical societal changes in terms of nutrition and 
food availability, in combination with a reduced need to be physically active, is likely one part of the 
explanation behind the obesity epidemic; the concurrence of evolutionary heritage of biological 
factors interact with technological advances (51). Individuals (or tribes), who have not preserved 
traditional lifestyle, with greater genetic susceptibility are worse affected. For example, the dramatic 
environmental changes among American Indians tribes and Alaskan Natives, each with their own 
traditions, have caused poorer health status and higher prevalence of obesity than in the general US 
population (52).  
Lifestyle related factors like diet and physical activity level have changed in Norwegian children, as 
has already been noted. This reflects the fact that food availability has increased and the extensive 
consumption of energy-dense foods and soft drinks (38: ch. 7, 53). In combination with increased 
inactivity, e.g. due to screen activities, changing patterns of diet might impact upon children’s growth 
and weight status (54, 55).  
ͳǤʹǤ͵
Obesity during pregnancy is associated with gestational diabetes. There is no clear evidence that 
exposure to gestational diabetes is associated with childhood obesity (51). However, an association 
between gestational diabetes and greater mean birth weight has been shown, whereas the 
association was significantly attenuated when adjusting for maternal pre-pregnancy BMI (56). Infants 
of women with gestational diabetes have higher percentage body fat compared to the infants of 
healthy mothers (57).  
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Breastfeeding is another perinatal factor, with substantial research undertaken in this field. However, 
whether breastfeeding prevents the development of overweight and obesity later in life is still 
debated (58, 59). 
Both low- and high birth weight are associated with childhood overweight and obesity; size and 
growth (catch-up growth) during infancy are associated with increased risk of obesity and more 
central fat distribution among children and adults (60, 61). Findings from a study, based on data from 
the NCG point to early infancy as the first critical period for the onset of overweight at 8 years (62). 
The proportion of macrosomic offsprings (ш4500 g) decreased between 2000 -2011 in Norway   
(figure 3) (63). Likewise, the mean birth weight increased during the 1990s but decreased during the 
2000s and is now at a normal level (figure 4)(64). Children born in 2002 make up the 2010 NCG 
sample; the same year that mean birth weight and the proportion of children with high birth weight 
(ш4500 g) hit  peak levels in Norway. Results from the three rounds of the NCG-study (2008, 2010 and 
2012) were relatively stable. Nonetheless, the highest prevalence of overweight and obesity was 
reported among children born in 2002 (36). One may wonder if the proportion of children with high 
birth weight and the proportion of overweight and obese children at 8 years of age will continue to 
correlate in subsequent age cohorts. This can be explored by following systematic measuring of 
children. 
 
Figure 3: The proportion (%) of infants with 
birth weight ш4500 g, 2000 to 2012.  
Source: Norwegian Institute of Public Health, 2013, Andelen 
tunge fortsetter å gå ned [internet] 
(http://www.fhi.no/artikler/?id=106894). 
Figure 4: Mean birth weight (gram) in Norway, 
1990 to 2011.  
Source: Norwegian Institute of Public Health, Årstabeller for 
MFR for 2011, 2013. 
 
 
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ͳǤʹǤͶǦ
Social stratification is of significance for health and the development of diseases. The term socio-
economic position (SEP) is commonly used in health research (65). A number of indicators including 
occupation, income and education, are used, with each of these indicators measuring a different 
aspect of SEP. The ability to distinguish between factors that influence different groups in society 
varies and depends amongst other things on health outcome and the population being studied. 
Education is a frequently applied indicator in epidemiology and is used as a generic measure of SEP 
(65).  
The association between SEP and child obesity varies across countries worldwide (66, 67). In 
developed countries there is largely an inverse relationship between SEP and adiposity (68), including 
Norway, based on self-reported data (29, 69) and objectively measured anthropometric data (30, 
31). These findings are consistent with findings from Sweden, Denmark and Finland (70-72). 
Brundtland et al. compared the growth of children from varying social strata (areas with varying 
average income) in Oslo and found that prior to the war children from high-income areas were taller 
than children from lower strata. Until about 1955, children from the higher strata also weighed more, 
whereas in 1970 children from lower strata weighed more (18). Brundtland et al. reported that 
height differences between areas had nearly disappeared in 1970 in Oslo, while mean weight still 
was highest in low-income areas (18, 19). This information suggests that predictors, like SEP, are 
context- and time dependent. How various risk groups develop over time thus requires regular 
updates. 
ͳǤʹǤͷǦ
Like the association between SEP and adiposity, the association between degree of urbanity and 
adiposity varies across countries. High SEP was reported to be associated with obesity in China and 
Russia, whilst obesity was more prevalent in urban areas of China and rural areas in Russia (66). Both 
in Norway and other developed countries, obesity is markedly more prevalent among adults from 
rural areas (73, 74). A recent Norwegian study of adults reported that obesity, over time, has become 
more prevalent in rural districts, with this only partly explained by educational inequalities between 
central and rural districts (75). It is well-known that parental obesity is a strong predictor of child- 
and adolescent obesity (76). 
In almost all low- and middle income countries urban children are taller and heavier than children in 
rural areas (77), with the difference explained by the considerable advantage urban children have in 
term s of nutrition. Child and adolescent overweight and obesity measured in terms of geographical 
differences in developed countries have previously been reported in Sweden (71, 78-80), Finland (72, 
81), Italy (82), the US (83-85), Canada (86-88) and Iceland (89). In these studies, overweight and 
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obesity had greater prevalence in rural areas, except for one study from New Zealand reporting 
leaner rural children (90). A Norwegian study based on 2008 NCG data has published findings on 
urban-rural differences, indicating a greater proportion of overweight and obese children in rural 
areas. However, the study did not contain data on SEP or other socio-demographic variables at 
individual level (91).  
ͳǤʹǤ͸
Large changes in the socio-demographic composition, like increased immigration, in Norway and 
other Western countries over recent decades make it important to examine the effect this might 
have on childhood obesity. Previous studies have shown that immigrants to developed countries 
more rapidly develop obesity than the host population (26, 92-95). Immigrant families are exposed to 
cultural changes, including different food habits to that of the host population. Poor language skills 
might contribute to making the choice of healthy foods harder (96). The effect of acculturation was 
assessed in a Norwegian sample of adult immigrants living in Oslo. Acculturation was measured as 
language skills (proficiency in the Norwegian language), with those immigrants with better skills had 
more preferable BMI changes, whereas immigrants’ time of residency did not have any effect on BMI 
changes (97). Large differences in adiposity between immigrant groups from developing countries 
have been reported among grown-ups (98) and adolescents (99) in Oslo, Norway. 
ͳǤʹǤ͹
In recent decades the numbers of families where parents are either cohabiting or divorced have 
increased in developed countries. It is claimed that the risk of a cohabitation dissolving is between 
double to four times that of it leading to marriage (100). Family structure is an important predictor of 
child well-being. Family stress has a role in the development of both overweight and underweight 
among children (101). Størksen et al investigated the long-term effects of parental divorce on 
children at an average of 8 years after the divorce. They reported moderate but significantly higher 
levels of anxiety and depression and lower levels of well-being in adolescents who had experienced 
parental divorce compared to those who had not (102). 
Previous studies have shown an association between family structure and overweight and obesity. 
Overweight and obesity were found to be more prevalent among children in single parent families 
and those with divorced parents (72, 103-107), whereas other studies did not find any association 
(30, 108, 109). Some such studies have methodological limitations; either small samples, self-
reported data and/or parental marital status measured at birth, i.e. not at the time anthropometric 
measurements were taken (110-113).  
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ͳǤʹǤͺ
Certain CNS pathology (51), sleeping problems (114, 115) and diversity of gut microbes (116) are 
other possible risk factors for the development of childhood overweight and obesity. 
1.3 Measures of overweight and obesity 
Obesity is defined as “...a condition of abnormal or excessive fat accumulation in adipose tissue that 
presents a risk to health” (7, 117).; in that way is obesity linked to both excess fatness and risk.  
Regarding the use of key terms in this thesis: The recommended terminology is used when 
prevalence estimates are presented, e.g. percentage of overweight (including obesity), explained in 
1.3.1. Referring to the phenomenon in general the term overweight and obesity is used. Adiposity is 
used as a generic term referring to both general overweight and obesity, and abdominal obesity. 
Occasionally, if referring specifically to e.g. obesity (BMIш 30kg/m2), that specific term is used.  


Weight is the simplest measure of body size. To increase the correlation between weight and body 
fat, weight is adjusted for height (118). BMI, calculated as weight (kg) divided by the square of height 
(m2), has been established as a valid but indirect measure of adipose tissue in epidemiological studies 
(119-121). BMI is cheap and easy to measure and reproduce. BMI measures the sum of both fat mass 
and fat-free mass, but gives no indication of the distribution of body fat. Although BMI has been 
found to fairly well indicate adult body fatness (122, 123), the use of BMI in children have more 
limitations. Childhood and adolescent BMI varies with age and gender, with an increase in BMI 
during growth explained mainly by increases in fat-free mass rather than the fat-component; the 
opposite of that which applies in adults (124). Both the International Obesity Task Force (IOTF) and 
WHO BMI-based systems (see 1.3.1) were evaluated using densitometry, and both were found to 
have a very high specificity (i.e. low proportion of non-overweight misclassified as overweight) but 
low sensitivity, especially among females adolescents (i.e. high proportion misclassified as normal 
weight) (125). A corresponding study was performed based on the Centers for Disease Control and 
Prevention’s classification (CDC). This reported that the accuracy of BMI varied according to the 
degree of fatness; among children ш95th percentile (i.e. among relatively fat children) BMI was a 
specific indicator of excess body fat and moderately sensitive (126).  
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
WC is a complementary measure of body composition. Centralised body fat has health-implications 
and is associated with increased risk of cardiovascular and metabolic complications in children (127-
132). The lack of population specific WC reference values has led to that WC has been used in 
conjunction with height (waist circumference divided by height). WHtR is commonly used measure.  
Over the last few decades WC has increased in infants, children and adolescents to a greater extent 
than BMI (26, 133, 134). This indicates that the fat distribution has changed (or is changing) and 
suggests a steeper increase in abdominal fatness compared to height- and weight based adiposity 
measure (134, 135). Abdominal obesity can be assessed using WC-based measurements (128, 136-
138), and is recommended as a means of both estimating the prevalence of abdominal obesity for 
epidemiological purposes and as a means of following these trends among children (7, 139). 
ͳǤ͵Ǥͳ
Using BMI and WC in the classification of childhood overweight and obesity is complicated by the 
numerous available systems, the existence of which hampers the comparison of epidemiological 
studies.  
Classification systems are largely based on the distribution of adult BMI and therefore correlated to 
relevant adult risks (122). The adult cut-off points; BMI of 25 kg/m2 for overweight and 30 kg/m2 for 
obesity are related to risk of comorbidities and mortality (7). However, obesity-related morbidity is 
not as pronounced in children as it is among adults. There is still no consensus on whether a 
classification system for paediatric obesity should be linked to fatness rather than to BMI and the 
prediction of obesity-related diseases and/or health consequences (122). Measuring fat tissue is 
complicated in epidemiological studies.  
The European Childhood Obesity Group (ECOG) has recently published recommendations for the use 
of classification systems and terms, with the intention of clarifying definitions, reduce confusion and 
allowing greater comparison between studies (140). The usage of international systems in national 
contexts - to ease international comparison - is controversial since maturation patterns differ 
between countries and thereby impact upon body composition (122). 
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In the year 2000 the IOTF provided cut-off points for childhood BMI (2-18 years) based on 
representative cross-sectional data from six countries and linked to adult cut-offs corresponding to 
centiles that match 25 kg/m2 and 30 kg/m2 at 18 years of age (141). In this sense, cut-offs were 
constructed in reference to WHO health related cut-off for adult obesity. The impetus behind IOTF’s 
cut-off values was based on the need for coherence between childhood and adult indices of obesity. 
In 2007, the WHO developed BMI-for-age reference values for school-aged children and adolescents 
(5-19 years) (142), referring to standard deviation scores (SDS). In 2006, the WHO released growth 
standards for pre-school children; the WHO Child Growth Standards (0-5 years); based on samples of 
breastfed children from six countries worldwide (143). The CDC presented revised age- and sex-
specific growth charts for the United States in 2000, which also serve as reference values (144).  
Table 1 shows the various classification systems (IOTF, WHO and CDC) and different terminology, 
demonstrating the challenges involved when comparing estimates. 
 
Table 1: Various classification systems (IOTF, WHO and CDC) and different terminology and cut-off 
values/references demonstrate the challenges involved when comparing estimates.  
 
Classification system 
IOTFa  
Terminology Overweight excluding obesity Obesity Overweight (including obesity)
Cut-off values 25ч BMI < 30* BMI ш 30* BMI ш 25* 
  
WHOb  
Terminology Overweight excluding obesity Obesity Overweight (including obesity)
References +1SDSч BMI < +2SDS** BMI ш +2SDS** BMI ш +1SDS** 
  
CDCc  
Terminology Overweight  Obesity Overweight and obesity 
References 85th ч BMI < 95th centile BMI ш 95th centile BMI ш 85th centile 
 
*) BMI ш25 corresponds to centiles that match BMI of 25 and 30 at the age of 18 years (adults). **) SDS (standard deviation 
scores) a) IOTF (International Obesity Task Force) b) WHO (World Health Organization) c) CDC (The Center for Disease 
Control and Prevention) 
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The figure below illustrates the diverging results of these classification systems, with three different 
definitions used to evaluate one data set (figure 5). The graph stems from the Portuguese WHO COSI-
study (145). 
 
 
  
Figure 5: Portuguese children's nutritional status defined by International Obesity Task Force, Center 
for Disease Control and Prevention, and World Health Organization criteria. (Rito et al 2012, reproduced with 
permission.) 
 
 

As already mentioned there are no universal criteria or cut-offs for either WC or WHtR. Several 
countries, including Norway, have developed age- and gender-specific reference values for WC and 
WHtR (37, 146-150). WHtRш0.5 has been suggested as a simple measure of abdominal obesity, 
though it has not been validated (131, 132). It is claimed that WHtRш0.5 identifies youths with a 
higher likelihood of having cardio metabolic risks (129-131). The advantage of using a cut-point of 
ш0.5 is that there is no need for population- and/or age- and gender-specific cut-off values. It also 
suggests an easily understood public-health message: “keep your waist circumference to less than 
half your height” (132). 
  
 19 
 
2. Aims of the study 
The main aim of the thesis was to identify groups of Norwegian children at increased risk of being 
overweight and obese.  
The more specific aims were: 
Paper I  To evaluate the validity of data collected by the School Health Service using 
uncalibrated instruments; whether instrument error will have an impact on the 
estimates of childhood overweight and obesity in population-based surveys. 
Paper II  To investigate the urban-rural gradient of childhood overweight and obesity and 
whether it differs according to level of maternal education.  
Paper III  To investigate the associations between parental marital status and general 
overweight and obesity, and abdominal obesity and whether these associations differ 
in terms of gender. 
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3. Materials and methods  
The study data are from the nationally representative Norwegian Child Growth Study (NCG); a 
collaboration between the Norwegian Directorate of Health, the Norwegian Institute of Public Health 
and the School Health Service. NCG followed the protocol from the WHO European Childhood 
Obesity Surveillance Initiative (COSI) described in the introduction (1.1.2). Corresponding studies 
have been carried out in 25 European countries (151). 
3.1 Study design, study population and sampling methodology 
In the NCG, third graders were examined at the same schools in 2008, 2010 and 2012. This thesis is 
based on data from the 2008 (paper I) and 2010 surveys (paper II and III).  
A nationally representative sample of 3474 children from 127 schools (in 2008) and 3166 children 
(1629 boys and 1537 girls) from 125 schools (in 2010) with complete anthropometric measurements, 
participated in the NCG. Mean age in 2010 was 8.3 years (SD=0.3 years).  
To limit the sample size and yet still ensure national representativity a stratified two-stage sampling 
design was used (figure 6). The primary sampling unit was county. Ten (10) of nineteen (19) counties 
were selected (Akershus, Oslo, Vestfold, Vest-Agder, Rogaland, Hordaland, Møre og Romsdal, Sør-
Tøndelag, Nordland and Troms) by simple random sampling among all four geographical strata (ie. 
the administrative Health Regions) in order to ensure nationwide coverage and the possibility of 
reporting on all parts of the country. The secondary sampling unit was school. Initially, 130 of 3920 
public primary schools were selected randomly, and the sample was intended to be proportional to 
population size in each county. Schools with only one or two pupils in the relevant grade were 
excluded from the NCG, which in 2008 resulted in 127 schools participating. In 2010, another two 
schools were excluded due to their having too few third graders, resulting in the participation of 125 
schools. 
3.2 Data collection  
Data collection was conducted in October and first week of November by the school health nurse/s 
at each school. Prior to data collection school nurses participated in a workshop in each county 
(2008) or region (2010 and 2012) where they were given training on how to perform the necessary 
measuring procedures and collect the necessary correction values, all according to a standardised 
protocol (appendix II).  
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Figure 6: Two-stage sampling of children in the Norwegian Child Growth study. (Illustration by Martin 
Asbjørnsen.) 
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Body weight and height were measured while the children were wearing light indoor clothing 
without shoes and were recorded to the nearest 0.1 kg and 0.1 cm respectively (152, 153). BMI was 
calculated as weight/height x height (kg/m2) and children were classified as overweight or obese 
based on age- and gender specific cut-off values of BMI for children developed by the IOTF (141) and 
the WHO definitions for children aged 5-19 (142, 154). Additionally, the school nurse completed the 
ELEV-skjema (PUPIL-form, appendix III) and measures were corrected if the child wore items other 
than light indoor clothing: 100 grams were added for some additional light clothing or plus 500 grams 
for heavier clothing. 
Waist circumference (WC) was measured to the nearest 0.1 cm with arms hanging relaxed along the 
body. WC was measured with a measuring tape midway between the lower rib margin and the iliac 
crest (153). Marks were made on the skin of each child with a felt-tip pen in order to ensure the 
correct level of measurement. Waist-to-height ratio (WHtR) was calculated as WC/height (cm/cm), 
with a ratio equal to or higher than 0.5 classified as waist-to-height ratio ш 0.5 (WHtR ш 0.5). 
Measurements were taken only once and were recorded on the ELEV-skjema (PUPIL form). Data 
entry was done manually. Height, weight and WC were entered twice, and any punching errors were 
then corrected.  
Furthermore, correction values were collected at the same time as the anthropometric data of the 
children in 2008 and 2010 (procedure explained below). The intention was to obtain information on 
the accuracy of measurements, i.e. how close the measure was to its true value. Cases of inaccuracy 
were referred to as instrument error. Thus, the instrument error was equivalent to the correction 
value and corresponds to the difference between the true value and the uncorrected value measured 
by a (uncalibrated) instrument.  
Each school received a reference weight and length which were about the weight and length of third 
graders; 28 kg and 120 cm. The procedures were thoroughly explained and illustrated in the Method 
booklet (appendix II) and in paper I, p. 2. On the basis of the corrections values reported in the 
SKOLE-skjema (School form, appendix IV) the anthropometric measures of the children were 
corrected post-hoc. Thus, the corrected measures corresponded (in theory) to measures taken by 
calibrated instruments, even though the instruments themselves were not calibrated. 
Components of measurement error associated with measurement technique were not considered in 
this study. 
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3.3 Ethics and approvals  
NCG was evaluated by the Regional Committee for Medical Research Ethics (reference nr: 
2010/938a) and approved by the Norwegian Data Inspectorate (reference nr: 08/00709-4/IUR). 
Detailed information about the study and consent forms (appendix V) were sent to the parents or 
guardians via the school nurse beforehand. Written informed consent was obtained from a parent or 
legal guardians via the school nurse prior to participation in the study.  
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4. Summary of papers 
Paper I 
Impact of instrument error on the estimated prevalence of overweight and obesity in population-
based surveys. 
The fact that instrument error increases the variance of the distribution of BMI is the basis for this 
study. Combined with a defined cut-off value this may impact upon the estimated prevalence of 
overweight and obesity. To ensure high quality surveillance data, we wanted to assess the impact 
instrument error might have on prevalence estimates of overweight and obesity, due to uncalibrated 
scales and stadiometers.  
Anthropometric measurements from a nationally representative sample (the 2008 NCG) were used. 
Each of the 127 participating schools received a reference weight and a reference length to 
determine the correction value. Correction value corresponds to instrument error and is the 
difference between the true value and the measured, uncorrected weight and height at local scales 
and stadiometers. Simulations were used to determine the expected implications of instrument 
errors. To systematically investigate this, the coefficient of variation (CV) of instrument error was 
used in the simulations and was increased successively. Simulations showed that the estimated 
prevalence of overweight and obesity increased systematically with the size of instrument error 
when the mean instrument error was zero. The estimated prevalence was 16.4% with no instrument 
error and was, on average, overestimated by 0.5 percentage points based on observed variance of 
instrument error from the NCG. Further, the estimated prevalence was 16.7% with 1% CV of 
instrument error, and increased to 17.8%, 19.5% and 21.6% with 2%, 3% and 4% CV of instrument 
error, respectively. In conclusion, failure to calibrate measuring instruments might lead to 
overestimation of the prevalence of overweight and obesity in population-based surveys. 
Paper II 
Adiposity among children in Norway by urbanity and maternal education: a nationally 
representative study.  
In this cross-sectional study we wanted to investigate the urban-rural gradient in adiposity and 
whether the association differed by maternal education. 
Height, weight and waist circumference (WC) were measured in 3166 eight-year-olds participating in 
the 2010 NCG. Risk estimates for overweight (including obesity) and abdominal obesity (WHtRш0.5) 
were calculated by log-binomial regression. Mean BMI and WC and risk estimates of overweight 
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(including obesity) and WHtRш0.5 were inversely associated with both urbanity and maternal 
education. These associations were robust after mutual adjustment for each other. Furthermore, 
there was an indication of interaction between urbanity and maternal education, as trends of mean 
BMI and WC increased from urban to rural residence among children of low-educated mothers (p = 
0.01 for both BMI and WC), whereas corresponding trends for children from higher educational 
backgrounds were non-significant (p > 0.30). However, formal tests of the interaction term urbanity 
by maternal education were non-significant (p-value for interaction= 0.29 for BMI and = 0.31 for WC). 
In conclusion, both children living rurally and children of low-educated mothers had higher mean 
BMI and WC than children living in more urban areas and children of mothers with higher levels of 
education. 
Paper III 
Parental marital status and childhood overweight and obesity: A nationally representative study. 
On the basis of the 2010 NCG (see paper II) we aimed to examine whether parental marital status 
was associated with general overweight and obesity, and abdominal obesity among children. We also 
sought to explore whether the associations differed according to gender.  
The main outcome measures were general overweight (including obesity) (BMIш25kg/m2) using IOTF 
cut-offs and abdominal obesity (waist-to-height ratioш0.5). Prevalence ratios, adjusted for possible 
confounders, were calculated by log-binomial regression. General overweight (including obesity) was 
1.54 (95 % confidence interval (CI): 1.21-1.95) times more prevalent among children of divorced 
parents compared to children of married parents, and the corresponding prevalence ratio for 
abdominal obesity was 1.89 (95 % CI: 1.35-2.65). Formal tests of the interaction term parental 
marital status by gender were not statistically significant. However, in gender-specific analyses the 
association between parental marital status and adiposity measures was only statistically significant 
in boys (p=0.04 for general overweight and obesity, and p=0.01 for abdominal obesity). The 
estimates were robust against adjustment for maternal education, family country background and 
current area of residence. In conclusion; general overweight and obesity, and abdominal obesity 
were more prevalent among children of divorced parents, with the study providing valuable 
information by focusing on societal changes in order to identify vulnerable groups. 
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5. General discussion  
5.1 Methodological considerations 
The degree to which methodological issues might have influenced the above results is discussed in 
what follows.  
5.1.1 Internal validity  
There are two main types of error in epidemiological studies: random error and systematic error (or 
bias). Random errors are largely related to sample size and the variability of the sample. High 
variability due to small samples results in reduced precision of the estimates and thus influences the 
width of confidence intervals. Random error could be reduced towards zero if the sample size were 
infinitely large (155). Random errors in an observational study such as ours could also be random 
typing errors, e.g. when the nurses registered measurements or when data were entered into the 
database. However, these errors were minimized by entering the main variables (height, weight and 
WC) twice, whilst typing errors were corrected. Additionally, data were cleaned, in the sense that 
cases with missing or obviously erroneous height or weight were removed. A scatter plot of the 
anthropometric measures was used to identify potentially erroneous height and weight measures. In 
the second phase, which of the three variables was more likely to contain an error was assessed. If 
WC was the only likely error then the value rather than the entire record was deleted. If an error in 
weight or height was likely, then the entire record was deleted. 
Geographical groups were stratified in terms of maternal education (figures 3 & 4 in paper II), which 
resulted in subgroups containing relatively few individuals, especially in rural areas. In addition, using 
gender stratified analyses when studying differences between parental marital status categories in 
paper III (figures 1 and 2) resulted in limited statistical power and imprecise estimates with wide 
confidence intervals.  
Despite the fact that the NCG was carefully designed (confer 3.1), the potential for selection bias has 
to be addressed. First, the school nurses took the measurements. This was probably an advantage 
and might partly explain the high attendance rate of 89 % in 2010. The Regional Committee for 
Medical Research Ethics gave permission for the school nurses to remind the parents once about 
returning the consent form. The NCG-study requested the school nurses to register whether the 
parents/guardians did not want their child/ren to participate. Only 1 % of the parents were actively 
opposed to allowing their child to participate in the study. We have no information about the 
remaining 10 % and the reasons why they did not participate, although we can surmise that children 
are absent from school as a result of natural causes such as colds and other illnesses. Secondly, all 
children attending private and municipal schools were invited to participate, omitting only those 
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private schools not accredited by the Private Education Act (and therefore without access to 
municipal School Health Service). Thirdly, as was described earlier (confer 3.1), sampling was 
designed so as to obtain samples proportional to population size based on an assumption of school 
size in each county. Significant deviations from proportionality were observed in the final sample and 
analyses were weighted in order to correct for significantly over- or under-represented geographical 
strata and counties, where analytical tools that took into account the two-stage sampling procedure 
were required. To sum up, given the high attendance rate, sampling methodology, appropriate 
analytic tools being used and including both public and private schools, selection bias is probably not 
a major concern in the NCG. 
As described in 3.2.1, we envisaged the risk of information bias on the basis that the instruments 
(scales and stadiometers) used in the NCG were pre-existing at each school with no requirement for 
calibration or maintenance, which could potentially introduce bias at school-level. We therefore 
collected information on instrument error and corrected all measurements. Data on correction 
values were also used in paper I, which is further discussed later (confer 5.2 Instrument error). 
Moreover, information bias due to clothing was minimised by correcting for additional clothing, as 
described earlier in 3.2.1 and in paper II.  
The exposure variables were obtained from the Norwegian population register and are considered 
high quality data; maternal education, area of residence and parental marital status. Immigrant 
education data might be less precise than for people educated in Norway due to delays in 
registration and self-reported data errors in some cases. The national education level of Norwegian 
mothers (women 30-40 years old) was reflected in our sample. 
The total numbers of inhabitants in each municipality constituted the urbanity variable in paper II 
and III, as in several other Norwegian epidemiological studies (74, 156, 157). However, the validity of 
this variable can be questioned; to what degree does the population size of a municipality reflect 
urban-rural difference? Population size is a fairly crude measure and one cannot exclude that it may 
be inaccurate and not precise means of distinguishing between urban and rural characteristics. On 
the other hand, several studies have drawn similar conclusions to those we drew in paper II. The 
crude measure might lead to some misclassification of exposure and underestimation of real 
associations. A more precise definition of urbanity and an alternative measure could possibly have 
shown a stronger gradient.  
Finally, in paper III, data on marital status were confined to a “snapshot” of current status, which 
implies that we did not have information on how long the parents had been married, or divorced. 
Nor was it clear whether the married couple with whom a child lived was made up of both its 
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biological parents. Furthermore, the never-married category, including cohabiting, single and 
separated parents, was probably the most heterogeneous, containing both intact and dissolved 
relationships as well as single parents. The aim of the study was to investigate the association 
between parental marital status and child weight status. It was based on an assumption that marital 
conflict and/or dissolution might impact upon a child’s weight status. Taking into account the low age 
of the children, the married parents were likely to be the biological parents, and thus the married 
category is most probably a valid measure. Likewise, the divorced category is unambiguous.  

A confounder is a risk factor that must be associated both with the outcome and the exposure 
variable. Confounding is common in observational epidemiological studies, with age and gender as 
common potential confounders. 
All children included in this study were third graders and mean age was evenly distributed in the sub-
groups in paper II and III, and varied a maximum of ten days between the groups. Age was therefore 
not considered a confounder in our study. In paper II, gender differences in adiposity were observed 
in the descriptive statistics. That was the rationale for adjusting for gender in further analyses. In 
paper III the analyses were stratified for gender.  
In our studies we hypothesised that overweight/obesity would vary by area of residence, level of 
maternal education and parental marital status. To take into account potential confounders, DAGs 
(directed acyclic graphs) were drawn to investigate causal pathways. Despite few variables and 
simple DAGs, it could be challenging to decide whether a factor was a confounder or a mediator. 
Regarding paper II, maternal education could impact the association between area of residence and 
adiposity. On the other hand, it is equally natural to assume the impact is opposite (figure 7 and 8).  
   maternal education 
 area of residence    adiposity 
Figure 7: Maternal education impacts the association between area of residence and adiposity. 
   area of residence  
 maternal education    adiposity 
Figure 8: Area of residence impacts the association between maternal education and adiposity.   
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Whether education (or area of residence) should be considered a mediator or a confounder in the 
aforementioned example is not crucial, because the estimates were essentially unchanged when 
adjusting the factors mutually (confer table 3 in paper II). The same applied for the associations in 
paper III, where country background could be a potential confounding factor. Regardless, the 
association did essentially not change after adjusting for country background. 
However, we cannot exclude that a measure that better captures the differences in the family's total 
SEP resources could help explain urban-rural differences in adiposity among children. On the other 
hand, our results show that education on its own explains differences in adiposity, as stated above. 
Secondly, analyses based on paternal education were also run with mainly the same results as those 
based on maternal education. However, we did not have data on family income. Since we had no 
information on whether the parents had a shared economy, neither maternal nor paternal income 
(separately) was considered a valid indicator in this study.  

All nurses that carried out measurements had attended an NCG-course and training (described in 
section 3.2). Measuring the children was recommended to be undertaken by two nurses (observers). 
In some cases nurses from two “NCG-schools” in the same municipality cooperated the day 
measurements were taken, or the school nurse and the senior municipal health nurse carried out the 
measurements together.  
Considering the large number of observers in the study reliability ought to have been assessed, 
though due to limited resources this was not done. Previous studies have reported that weight and 
height are precise measures (158-160). The inter-observer reliability of WC is fairly low (159), while 
the intra- observer reliability has been reported to be highly reproducible (161).  
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5.2 Main findings 
The cross-sectional design does not allow conclusions to be drawn about causal relationships. 
Whether any of the predictors are causally related is a complex matter, as are many other relations 
studied in health research  

 
Our study confirmed previous findings on the socio-economic differences in adiposity, where 
children of high-educated mothers had the lowest prevalence of adiposity (paper II). This is in 
accordance with previous studies in Norway (29, 30, 69, 162) and Europe (68, 71, 163). Whereas we 
found that the risk of being abdominally obese almost doubled among children with low-educated 
mothers compared to those with high-educated mothers, the risk of the same children being 
generally overweight and obese was only about 30 % higher (paper II).  
Longitudinal changes of altered body composition have been reported in both Norwegian adults and 
children (26, 164). A study of 9 year olds from Oslo did not find changes in BMI between the study 
periods in 1999/2000 and 2005, while WC increased significantly. Interestingly, analysis of interaction 
(SEP by study period) was borderline significant in girls, which implies that mean WC tended to 
increase in girls from low-SEP groups compared to high-SEP-groups over a 5-year- period. Despite 
cross-sectional data, our findings are in line with this and may indicate ongoing changes – of the fat 
distribution related to socio-economic background - that should be further investigated in future 
studies. 
It would have been desirable to have information on lifestyle variables in the NCG in order to further 
explore to what extent physical activity and diet can explain SEP differences in adiposity. This also 
applies to the other exposure variables urbanity and marital status. However, we did not collect data 
on lifestyle factors given that a high attendance rate was given priority in the NCG and parents were 
as such not expected to fill out time consuming questionnaires. 
In a Norwegian nationwide sample, a clear social gradient in objectively measured physical activity in 
children was not found (33), which might be due to weaknesses in study design; self-reported data 
on parental social position and/or small samples size when stratified according to both age groups 
and gender. However, Swedish studies, based on self-reported data on physical activity have 
revealed that a greater proportion of children of less educated parents were inactive for more than 4 
hours per day and participated to a lesser extent in organised sport (71, 165). Based on these 
findings, no conclusions can be drawn regarding the impact of lifestyle factors on SEP differences in 
 31 
 
adiposity. Nonetheless, there are indications that children of low-educated parents have a less 
healthy lifestyle compared to children with parents having a high educational background, which 
probably is a factor of significance in childhood adiposity. 
Height growth may be of interest and have implications for the development of adiposity. We found 
that the gradient for height was the inverse of the gradient for adiposity and increased significantly 
from low- to high education category in accordance with previous studies of children (166-168) and 
adults (169, 170). High-educated mothers have been shown to give birth to taller boys and girls (166, 
171).  
Findings in paper II cannot confirm that socio-economic differences in height have been reduced or 
disappeared among more recently born children, as was reported of 1975s school children from Oslo 
(18, 19). This is noteworthy since differences in living conditions in Norway have improved 
considerably since Brundtland et al. reported height differences between low- and high income areas 
in Oslo in the 1940s (18). Cavelaars et al. investigated educational height differences among adults in 
Europe and speculated as to whether improvements in living conditions in lower socio-economic 
groups have been replaced by other unfavourable conditions such as maternal smoking and an 
unbalanced diet, e.g. easily available unhealthy food (170). This reasoning is similar to that exploring 
socio-economic differences in weight and height in Scottish children aged 4-10 between 1974 and 
2004 (172). They found that overweight and obese children were taller, regardless of parental 
income group, which points towards the view that observed inequalities (higher prevalence of 
overweight and obesity in lower-income groups) were not due to short stature per se. However, the 
relative height growth in the low-income group was significantly lower compared to that of the high-
income group, whereas z-weight was similar in the two groups. This indicates that the reported 
increase in overweight and obesity in the lower socio-economic group was largely due to the relative 
limitation of height growth. Their suggested explanation was increasing intake of inexpensive, easily 
available, energy-dense and low-nutrient food in lower socio-economic groups and is in line with the 
speculations of Cavelaars et al. above.  
We do not know to what extent this pertains to Scandinavian children growing up in more equal 
societies. In Norway there are no longitudinal data that could reveal such inequalities in growth 
among children and adolescents. 
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Our study of urban – rural differences showed that children in rural areas had on average higher 
weight, BMI and WC, with a significant trend of increase in these measures from urban to semi-urban 
to rural areas (paper II). After adjustment for maternal education the outcomes were practically 
unchanged. This indicates that the geographical differences remain independent of maternal 
education. As described in paper II, formal tests of the interaction terms urbanity by maternal 
education were non-significant. However, when BMI and WC were plotted separately, according to 
maternal education, different patterns were suggested across urbanity (confer paper II, figure 3 and 
4). Only children of mothers with primary education showed a significant trend of increasing BMI and 
WC from urban to rural areas, whereas the association was not statistically significant in children 
with secondary and tertiary educated mothers. These patterns should be confirmed in future studies.  
It is not clear which indicators should be used to identify geographical inequalities – or urban-rural 
differences, as previously discussed in 5.1.1. Although the common purpose of previous studies 
mentioned in 1.2.5 was clear, i.e. to explore the urban-rural gradient of childhood adiposity, various 
indicators have been used (such as population size in a certain area, population density, parental 
questionnaire characterising the neighbourhood in addition to national classification systems). For 
that reason it might be surprising that all the studies found urban-rural differences. What 
characterises urban and rural areas and what mechanisms underlie the urban-rural differences being 
captured in such diverse indicators?  
Sund et al. have suggested that geographical inequalities in health in Scandinavian countries are 
probably largely the result of a spatial aggregation of health inequalities that exist on an individual 
level (173). The development of theoretical models has resulted in an increasing interest in the 
possible health effects of group-level factors (174). Until recently (the 1990s), the presumed 
explanation for differences in health and disease in populations was thought to be the characteristics 
of individuals (compositional effect). However, studies at an individual level might have limitations 
because processes that take place at group or community level may be ignored (contextual effect) 
(175). Multi-level analysis enables studying disease causation which extends across macro- and 
individual levels, explaining in turn how group/community- and individual-level variables interact 
(174). There is some evidence that contextual effect has an influence on health-outcomes beyond 
the individual level (176-178).  
By complementing our study with a SEP indicator on area-level, e.g. municipality characteristics like 
average income among local inhabitants, it would have allowed comparison with previous findings, 
where Heyerdahl et al. found that the effect of urbanity was attenuated after adjustment of area-
level SEP (91). However, it was out of the scope of the current study to conduct multi-level analyses. 
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Data on physical activity and diet by urbanity are scarce, or at least of samples comparable to 
Norwegian school children. Self-reported data on physical activity and diet from a Swedish study 
indicated that rural children played more outside than urban children while they also were inactive 
to a greater extent and participated less in organised sport activities than urban children (71). 
Moreover, consumption of sugar-sweetened beverages among children in rural areas was higher, 
although not significantly so. Lifestyle factors do not seem able to explain the observed urban-rural 
differences. On the other hand, the validity self-reported data on diet and physical activity can be 
questioned; e.g. it is cognitively demanding for young children to assess whether, for example, 
playing with friends should count as physical activity (179, 180). 
We need to explore further why overweight and obesity is more common rurally. To further develop 
indicators would improve the basis upon which conclusions about underlying mechanisms for urban-
rural differences can be drawn. Additionally, data on physical activity would also have been helpful.  
In paper III, studying parental marital status, we found that general overweight and obesity was 
more prevalent among children of divorced parents, consistent with previous studies of parental 
divorce from Greece (104), Australia (106) and the US (107). Similar studies have found that children 
whose parents lived separately had a higher risk of being overweight or obese, i.e. comparison of 
one-parent and two-parent families (72, 105, 111), yet another group of studies showed that the 
association was strongly attenuated and no longer statistically significant after adjusting for SEP (108, 
110). 
As described in 5.1.1 (Confounding) neither maternal education, area of residence or country 
background explained the difference in adiposity between children of married and divorced parents.  
We also showed that children of divorced parents had increased prevalence of abdominal obesity. 
We are not aware of previous studies that have investigated the association between parental 
marital status and abdominal obesity. In stratified analyses we found that boys might be at especially 
high risk of being abdominal obese. However, as discussed in 5.1.1, the gender-specific analyses had 
reduced statistical power. The formal test of interaction (gender by marital status) of the continuous 
variable WC was borderline significant (p=0.06). A larger sample is needed in order to confirm these 
findings. This can be done by combining the samples of the NCGs in future research.  
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Our study aimed to investigate whether family disruption was associated with general- and 
abdominal obesity among children, based on the assumption that marital conflict and dissolution 
could impact upon children’s health and well-being (181) and thus contribute to weight problems 
(101). However, due to the cross-sectional nature of our data we could not conclude that the higher 
prevalence of adiposity in children with divorced parents was caused by the divorce itself. The 
conceivable explanations for the observed differences have been further discussed in paper III. To 
expand upon the current limited understanding of the effect of family structure on adiposity 
longitudinal data, more detailed marital status information and the opportunity to trace the 
reciprocal marital status of biological parents are all needed (as problematized in section 5.1.1). This 
would enable future research to differentiate between families of intact and dissolved relationships 
regardless of form (marriage or cohabitation). A US study based on longitudinal data made it possible 
to look into time periods of increased risk of adiposity related to the moment of family disruption. 
They found a significantly increased risk of obesity two years in advance of the family disruption, and 
years after the disruption (107).  

 
To ensure valid anthropometric measures we collected information about instrument errors at each 
school, described in 3.2.1. These data were also used in a methodological study (paper I). The 
background for this study was the discovery of a stadiometer at a school nurse office that had 
remained mounted on the wall while the floor-covering had been removed a few years earlier, 
resulting in biased height-measurements 
In paper I, we assumed that instrument error would increase the variance, and we hypothesised that 
increased variance would lead to overestimation of the prevalence of overweight and obesity (confer 
figure 1 in paper I, p.2). The mean of the instrument error (correction value) was set to zero to 
enable us to assess the impact of increased variance. We found that instrument error systematically 
increased the estimated prevalence of overweight and obesity (analogous to underweight, at the 
other end of the distribution), based on simulation of the coefficient of variation of instrument error 
from the 2008 NCG. As described in paper I, the scales measured on average 0.14 kg too little and the 
stadiometers measured 0.07 cm too little. Findings in paper I have no further implications for paper II 
and III, as all weight and height measurements were corrected according to the corrections values 
collected in the 2010 NCG (confer 3.2.1).  
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5.2.4 External validity 
In terms of paper I, the outlined principle of inaccurate instruments could be applied to 
measurement error in general, and specifically for weight and height measuring instruments, 
regardless of country.  
The results of paper II and III are generalisable to the Norwegian 8 year old population. The 
development of child growth and the increase in adiposity might limit the temporal validity of the 
findings. Generalising the results of NCG outside of Norway should be done with caution. However, 
results are probably externally valid for an extended Scandinavian child population, based on the fact 
that the overall distribution of anthropometric values is similar among young children in Denmark, 
Sweden and Finland. The SEP gradient is corresponding in Scandinavian countries as is the pattern of 
family structure. However, deviating conditions regarding ethnicity and the extent of immigration 
may mitigate the extent to which the results are generalisable. 
5.3 Ethical considerations  
In Norway, the systematic measuring of height and weight in schools declined during the 1980’s (19) 
and in 1998 systematic measurements were replaced by measurements on medical indication only. In 
the 2011 national guidelines, the Norwegian Directorate of Health again recommends routine 
measurements of height and weight among children by the School Health Services (182). Unlike in 
1920, where the great concern was whether children were sufficiently nourished, the reason now is 
quite the opposite.  
It is important to emphasise that obese individuals should not be seen as undesirable in any context. 
At the same time, obese people are subject to enormous social stigma and discrimination (41). To the 
best of our knowledge, there is no consensus on whether to consider childhood obesity a disease or 
not, because there is a lack of a clear and specific definition of disease. However, childhood obesity 
could have lifelong health consequences, such as type 2 diabetes and cardiovascular disease and is as 
such a big challenge from a public health perspective. As I have suggested earlier in this thesis, it is 
crucial that we broaden our understanding of how overweight and obesity are distributed in the 
population; in subgroups and in geographical regions etc. The measure of interest is on a population 
level, but in order to get these data we need information on individuals, optimally every single one.  
Some groups in Norway oppose the measuring of school children’s height and weight. It is claimed 
that a focus on the body and body weight by regular weighing and measuring contributes to 
stigmatisation (183). This resistance and a public opinion, though limited, against measuring school 
children might be a response to a decade long focus on body (weight) and obesity. The opposing 
groups wish to emphasise the rights of the individual – and do not necessarily see that in public 
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health, the individual must be seen as a part of the whole population. This issue was carefully 
considered in the planning phase of the NCG-study and discussed with experienced school health 
nurses. One great advantage was that the measurements were undertaken by the local school nurse, 
a professional health worker skilled in communicating with and relating to children. To ensure 
privacy, the school nurse saw only one child at a time, with children not told the results of the 
measurements. There is no one simple solution here, but the point is that as citizens and societies we 
have shared and common responsibility regarding health threats. This principle may also apply in this 
context, since a lack of knowledge about children’s growth patterns will have profound implications 
for preventive health work (184). 
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6. Conclusions and future directions  
By studying predictors of overweight and obesity, we have found vulnerable subgroups in the 
Norwegian child population. General- and abdominal obesity were more prevalent among children 
living rurally compared to urban areas and children with divorced parents compared to children of 
married parents. Children of low-educated mothers were also at higher risk than children of high-
educated mothers and especially those children living rurally. We also found educational height 
differences; children of low-educated mothers were on average lower. Furthermore, in a 
methodological study we found that failure to calibrate measuring instruments is likely to lead to 
increased variance of the BMI distribution, which in turn might impact the estimated prevalence of 
overweight and obesity in population-based surveys. 
Prevention of overweight and obesity in the child-population (as well among adults) is challenging. It 
has been claimed that “Like cholera, obesity may be a problem that cannot be solved by individual 
persons but that requires community action.” (185). The educational inequalities in adiposity and 
height that we have observed may be critical because the enduring socio-economic disparity in 
children will undoubtedly contribute to maintaining socio-economic differences in health. Structural 
measures aiming at giving the children equal preconditions for good health; ensuring that the good 
choices are easier to make for the families and for the children, are important. Preventive strategies 
should target risk groups as well as at the entire child-population so as to maximise health gain. A 
White Paper (St.meld. 34 2012 -2013) specifies that the municipalities are required to have an 
overview of population health, and emphasises their particular responsibility for child and adolescent 
health. Future practise should therefore accentuate a sustained effort of periodically monitoring 
comparable anthropometric measurements of representative samples of children and adolescents. 
Regardless of chosen policies, monitoring will enable effective evaluation of any interventions and 
surveillance of future developments.  
Future research 
Obtaining longitudinal data would help us to study the development of children's height and weight, 
which is significant in itself to reveal the development of socio-economic inequalities. It will provide 
information on how general- and abdominal obesity is distributed; over time and in subgroups. 
Moreover, longitudinal data will increase our understanding of how family structure might impact on 
the development of overweight and obesity. Further research should be aimed at increasing 
knowledge of why rural children are more overweight and obese and developing indicators to better 
understand the mechanisms behind the observed urban –rural differences. Geographic Information 
Systems (GIS) could be developed for this purpose; the physical environment of the community, e.g. 
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where the schools and their catchment areas are situated, could be analysed and the degree of 
urbanity be determined. Finally, to broaden the spectrum of indicators, at a minimum we should 
study how adiposity is distributed by ethnicity in a nationally representative sample. 
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